Abstract: A generalized least squares regression model was developed to estimate local harvest of the Western Arctic caribou (Rangifer tarandus granti) herd. This model provides herd and community level harvest based on community size, proximity of the herd to the village. The model utilizes community harvest survey information from the Alaska Department of Fish and Game, Subsistence Division and cooperation from the nonprofit organizations Maniliq and Kawerak. The model will assist in an annual selection of communities to survey. The predicted local resident harvest of the Western Arctic caribou herd is 14 700 with 95% lower and upper confidence limits of 10 100 and 19 700 respec¬ tively.
Introduction
Caribou (Rangifer tarandus granti) are important sources of food and material for families in northwest Alaska. Information on the local consumption of caribou is important for effective managing of the Western Arctic caribou herd (WAH). Harvest of the WAH in northwestern Alaska, until now, has been unknown. In 1999 the Alaska Department of Fish and Game (ADF&G) began community surveys to gather harvest information in Game Management Units (GMU) 22 (Seward Peninsula) and 23 (Kotzebue Sound). Combining this survey information with GMU 26A (Western North Slope) survey infor¬ mation available from the North Slope Borough and ADF&G, a generalized least squares model has been developed. This model's prediction of harvest is a function of village population, the availability of the herd to the village, and GMU the village is within. Village population represents the idea the larger the village the higher the harvest. The availability measure is a set of 3 indicator variables (high, medium, and low) representing the availability of caribou to the Rangifer, Special Issue No. 16, 2005 village for harvest. High availability would indicate larger harvest and low availability would mean less harvest. The 3 GMUs are ADF&G geographic units containing villages sharing common interests and having a common heritage within each GMU. A map showing WAH seasonal ranges, villages, and GMUs is in Fig. 1 .
A generalized least squares (GLS) (Pinheiro & Bates, 2000) modeling is necessary because of issues with spatial and temporal dependence of observa¬ tions. GLS is a model for correlated observations or which have differing variances (Rencher, 2000; Waller & Gotway, 2004) . Ordinary least squares regression requires independent observations for the proper estimation of the variance-covariance matrix. A correct variance-covariance matrix is essential for proper model selection, inference of equation coeffi¬ cients, and confidence intervals of predictions.
The sets of GLS equations are used to estimate harvest for each community in GMUs 22, 23, and 26A, and provide GMU and herd-wide local harvest estimates with 95% confidence intervals. 
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Material and methods
Harvest data for the model are gathered from com¬ munity harvest surveys gathered from households. The exception being Nome where harvest information will be gathered by a registration hunt. The household survey is used to gather informa¬ tion on caribou hunting for a 12-month period May 178 through April. Survey data are expanded through the use of weights for the nonresponding households. At most 8% of the households did not respond for any village survey making many efforts at acquiring community harvest data a census rather than a sam¬ ple. The Kotzebue and Barrow community surveys were stratified random samples of households. Table 1 lists the communities sampled by year.
Village population is obtained from State of Alaska Department of Community and Economic Development community database online.
The availability component represents the acces¬ sibility of the herd for harvest due to seasonal migra¬ tions, shifts in herd ranges, and the ability of villagers to approach the herd to hunt. The ability of villagers to hunt the herd could depend on several items, primarily adequate conditions to access the herd like adequate snow cover for snowmachine use or open water to operate boats. But it also could depend on other necessities like gas prices and having the right gear. Availability is a qualitative variable because of the difficulties measuring each of its components and is also a confounded variable.
ADF&G area management biologists select which of the availability states applies to each village. This information is based on examination of VHF and satellite collars locations, herd flyovers by biologists, reports from villagers, and an assessment of terres¬ trial conditions for allowing travel to hunt caribou.
Game management units provide a geographi¬ cal means to separate villages. Each GMU use¬ fully matches to a separate Alaskan Native for-profit regional corporation. GMU 22 corresponds with the Bering Strait Native Corporation; GMU 23 corresponds to the NANA Regional Corporation; and GMU 26A to the western portion of the Arctic Slope Regional Corporation. These regional corporations are composed of a relatively culturally homogeneous Native people formed under the Alaska Native Claims Settlement Act Sec. 7a) . Within a GMU, villagers display similar subsistence tradi¬ tions that are different between game management units (Georgette, pers. comm., 2000) . Villages near¬ est each other are expected to exhibit similar harvest since they share caribou harvest, family members in separate villages often hunt together and they dis¬ play common subsistence customs (Georgette, pers. comm., 2000) .
Model construction relied on residual diagnostics to determine if violations of assumptions were made. Residuals were examined with partial regression plots, studentized residual plots, leverage, influential cases (Cook's distance, dffits, dfbetas) and spatial and autocorrelation (variogram analysis, inspection of residuals against time and the Durbin-Watson test). Most often violations were outliers resulting from misplacement of a village in a availability grouping, influential cases due to Barrow and Kotzebue, and nonconstant variances. To gauge the effect of the possible influential cases of Barrow and Kotzebue, equations were fit with the two villages left out and reported harvest was perturbed by 5, 10, and 20 percent. Variance functions were used to model the variance structure of the within group errors. Akaike information criterion (AIC) was used as a guide to choose the best model when there were several can¬ didates.
Community harvest levels are predicted for each community based on the GLS regression equations. Confidence intervals were calculated using the pre¬ diction of a new response.
Caribou harvested in GMU 26A can be harvested from three different herds, the WAH, the Teshepuk Herd and the Central Arctic Herd. The percentage of total harvest comprised of WAH caribou is estimated based on the distribution of collared caribou in each herd. Although there is uncertainty associated with assigning harvest levels to individual caribou herds where they mix, we felt this approach was better than ignoring mixing of herds altogether. (Dau, 2003; G. Carroll, ADF&G, pers. comm., 2001 ) The variances and the upper and lower limits of the confidence intervals are also proportionally reduced for each community.
Total local harvest of the WAH is the sum of the predictions for each community. Confidence limits for individual communities were summed to produce an interval around total harvest.
The availability groupings were randomly altered for each of the three GLS regression models as a sim¬ ple way to study what effect the change in availabil¬ ity grouping would have on harvest for each GMU. However, for Kobuk, Ambler and Shungnak the high availability grouping was not permuted because of their proximity to the WAH migrations through Onion Portage. The GMU 23 villages located out¬ side any WAH range (Wales, Brevig Mission, Teller, Shishmaref, and Nome) were limited to permutations of low and medium availability.
The availability groupings were randomly permut¬ ed 1000 times for each of the three GMUs. The total local harvest was calculated for each of the permuted groupings and summary statistics are produced.
Results
The GLS regression equation for GMU 22 contains both an intercept and slope for each availability group. This is commonly known as an interaction model of Analysis of Covariance. Modeling the vari-180 Upper  22  2300  1600  3000  23  10800  8100  13400  26A  1600  400  3300 ance-covariance matrix is needed. A model was specified in which the variance increases linearly with the fitted values.
A data plot and regression lines for GMU 22 are in Fig. 2 . Regression equations, AIC, and ANOVA table are in Table 3 . Predicted harvest and 95% confidence intervals for each village in the GMU is presented in Fig. 3 .
The low availability group slope and intercept coef¬ ficients are not significantly different from 0. This implies a model could be built without the low avail¬ ability grouping, however, without it residual diag¬ nostics show an unequal variance problem. Inclusion of this group of villages in the model makes sense because those villages are part of the herd harvest.
The GMU 22 model predicts 2300 caribou will be harvested annually by local residents, with 95% lower and upper confidence interval limits of 1600 and 3000 caribou harvested respectively.
The GLS regression equation for GMU 23 is a clas¬ sic analysis of covariance model with one slope for all availability levels and a separate intercept for each availability state. Modeling the variance-covariance matrix is needed. A model was specified in which the variance increases linearly with the fitted values.
A data plot and regression lines for GMU 23 are in Fig. 4 . Regression equations, AIC, and ANOVA table are in Table 4 . All terms are significant and should be included in the model. Predicted harvest levels and 95% confidence intervals for each village in the GMU is presented in Fig. 5 . Kotzebue is not shown in the figure because it would render it unreadable. Kotzebue predicted harvest is 4200 caribou with a confidence interval of between 3800 and 4600 caribou.
The GMU 23 model predicts 10 800 caribou will be harvested annually by local residents, with 95% lower and upper confidence limits of 8100 and 13 400 respectively.
The GLS regression equation for GMU 26A is a classic analysis of covariance model with one slope for all availability levels and a separate intercept for each availability state. Modeling the variance-covariance matrix is needed. A model was specified in which the variance increases linearly with the fitted values. A data plot and regression lines for GMU 26A are in Fig. 6 . Regression equations, AIC, and ANOVA table are in Table 5 . All terms are significant and should be included in the model. Predicted harvest levels and 95% confidence intervals for each village in the GMU is presented in Fig. 7 . Barrow is not shown in the figure because it would render it unreadable. Barrow predicted caribou harvest is 2300 with a confidence interval of between 800 and 3700 caribou.
The percent of caribou harvested, by GMU 26A communities, made up of WAH caribou:
Village Population
300
The GMU 26A model predicts 4700 caribou will be harvested annually by local residents, with 95% lower and upper confidence interval limits of 1100 and 9600 respectively. The local harvest of WAH caribou is predicted to total 1600 by GMU 26A residents, with 95% lower and upper confidence interval limits of 400 and 3300 respec¬ tively.
Total local harvest of the WAH is 14 700 caribou with a 95% confidence interval of between 10 100 and 19 700 caribou. Examination of Table 2 shows almost 11 000 of the nearly 15 000 caribou harvested annu¬ ally have been by GMU 23 residents.
Random permutations of availability groupings produced a mean harvest of WAH caribou of 15 700 with a minimum harvest of 10 900 caribou and a maximum harvest of 20 700 caribou. The GMU 22 random permutations of availability groupings pro¬ duced local harvest counts from 400 to 3900 with a mean of 2000 and a standard deviation of 649. For GMU 23, random permutations of availability Residual standard error: 2.538328 Degrees of freedom: 9 total; 5 residual groupings produced local harvest counts ranging from 6600 to 11 700 with a mean of 9200 and stan¬ dard deviation of 973. For GMU 26A, random per¬ mutations of availability groupings produced harvest counts ranging from 3900 to 5100 with a mean of 4500 and a standard deviation of 333.
Discussion
A generalized least squares regression model has been presented relating village caribou harvest to vil¬ lage population size and herd availability for a village within each of 3 game management units.
Regression equations for the GMUs 23 and 26A are similar and represent analogous harvest patterns. Caribou historically have been available for these villages since many of them lie in WAH summer or migratory ranges. Caribou are considered a staple in their diet (Georgette, pers. comm., 2000) . The regression equations reflect this with a common slope (for popula¬ tion) but separate intercepts for the 3 availability groups, indicating each could be thought of as a level or degree of harvest. The regression model for GMU 22 is an interaction model for which each availability state is represented by a dis¬ tinct equation with an individual slope and intercept for each state. The model for GMU 22 indicates each availability state has a different harvest regimen.
The villages in the low availability state are outside or near the fringe of the range of the herd. Harvest from this group is negligi¬ ble as noted by the near zero statistically nonsignifi¬ cant slope coefficient for population. The medium availability state is composed of villages nearby or within the outer or winter ranges but villages close enough to harvest WAH caribou when accessible. The importance of the harvest from this group is suggested by the statistical significance of the slope coefficient for population. The villages in the high availability state are within the winter range. The slope coefficient for population is double the same coefficient of the medium availability grouping suggestive of increased dependence on caribou by the high availability group. Population has varied little in WAH-area villages through time. The effect of increasing village popu¬ lation size will increase WAH harvest. Since popula¬ tion sizes have not changed appreciably, WAH local harvest is expected not to change much either.
The random permutation of availability groupings shows harvest changes depending on accessibility of caribou. This is most striking in GMU 22 where, for the worst-case scenario, harvest could be less than a quarter of what it is now. This could be a situation where the herd shrinks and/or winters out of GMU 22. In the situation where the herd becomes highly available to all villages, harvest will double.
Random permutation of availability groupings for GMUs 23 and 26A produces less notable changes in village harvest. This exercise indicates local village harvest is not as dependent on herd availability. The existing village sampling has been subjective. A scheme is needed to select villages for harvest surveys to ensure we obtain information from each element in our model space. This directs a village should be sampled from within each of the 3 availability states in a GMU for a total of 9 villages surveyed per year. Villages surveyed should be randomly cho¬ sen from within each availability group¬ ing in the GMU. Funding is improbable for a complete yearly selection of 9 vil¬ lages. A reduced village sample selection effort should be examined for its effects on harvest estimates. WAH herd size is not incorporated into this model but may affect harvest. A larger herd may allow increased opportunity for harvest for all villages. It may also visit areas not usually frequented by the WAH allowing for harvest near or outside its periphery range. Addition of a herd size component to the models deserves investigation. 
